This review describes examples of naturally occurring bioactive compounds obtained from fungal endophytes from various host plants. The main topics addressed are sources, identification, biological activity, biosynthesis, and ecological and chemosystematic significance of those bioactive compounds whose sources were well defined.
Introduction
Rationale for a search for novel natural products: Presently, many large pharmaceutical companies have abandoned their search for new anti-infectious drugs despite an enormous upsurge in infections and deaths caused by drug resistant bacteria. Furthermore, the threat of human infecting fungi remains an ever increasing problem especially in AIDS patients and others who are immunocompromised. Over the years, drug discovery has focused on microbial sources where nearly 80% of the world's antibiotics have their origins [1] . These sources have almost entirely been from soils collected from around the world, but new microbial habitats need to be examined for microbiota that produce useful bioactive compounds. Recent deaths in the USA resulting from E. coli and other pathogens and the use of pesticides that may be harmful to the environment suggest that new processes and biologically derived products are needed to cope with the emerging problems in agriculture and food processing, storage and shipment.
While it may appear that the pharmaceutical industry has completely exhausted the hidden treasures of the microbial world to find solutions to the infectious diseases of the last century, a report by the American Academy of Microbiology estimates that less than 1% of earth's bacterial species and less than 5 % of fungal species are currently known [1] . While aspects of the soil environment have been studied over the years by the pharmaceutical industry it still appears that less than 1% of these microbes have been cultured and characterized. Thus, even with this important microbial niche, challenges to find novel microbes remain. It appears that the 'marine ecosystem' supports an array of novel microbial diversity that includes everything from the aqueous environment to the deep ocean sediments [2, 3] . Other habitats housing microbes are numerous and varied. It seems that any place on earth having the proper support systems, even ones that are unusual or unsuspected, will provide a niche for microbes, including ones that are unseemly, such as those in which the environment is extreme in temperature, pressure or salinity.
Other promising habitats are the internal tissues of plants that supply protection and nutritional support for microbes. The microbiota that live within plant tissues are called "endophytes", and cause no overt symptoms of pathogenicity and bear no signs of their presence in host plant tissues [4] . They live in inter or intracellular spaces of the host plant including roots, stems, leaves, flowers, and fruits. In most cases they are viewed as having a symbiotic relationship with the host, but, depending on conditions, they may also eventually revert to some form of pathogenesis [5, 6] . The most frequently isolated microbes from plant tissues are fungi, but bacteria, including the actinomycetes, can exist as endophytes. Although these microbes can be easily obtained from most plant sources, the effectiveness of their recovery is not known and thus many remain non-cultured.
The existence of endophytes has been known for over a hundred years, but studies on these organisms and their bioactive products is relatively sparse, until recently [7] . A great deal of the work on plant/endophyte relationships has been carried out on grasses, such as tall fescue [8] . Anti-herbivory was noted in tall fescue grazed by livestock A major international research effort focused on the behavior of grazing animals in these areas. For many years work on endophyte biology and biochemistry was almost entirely dedicated to the fescue/endophyte problem. Endophyte biology had a negative connotation, since livestock were negatively affected by an endophyte, Neotyphodium sp., that produced a toxin which discourages insects and other animals from feeding on this pasture grass [9] .
In the past decade endophytes have been studied as sources of bioactive natural products. The primary rationale for this approach is that since endophytes live in association with a eukaryotic host, they are less likely to make products that are toxic or otherwise harm host tissues [10] . Thus, the bioactive products that they make to protect the host may prove useful in human medicine, agriculture and industry. It is also the case that endophytes are numerous, and many are undiscovered. In fact, of 135 endophytic fungi isolated in an upper Amazonian rainforest nearly 10% were widely divergent from already know fungal genera and most were biologically active [11] . Thus, the chance for finding novel bioactive endophytes is great. Generally, it seems to be true that novel taxonomy may hold promise for novel chemistry.
The complexities of the host-endophyte relationship
Some understanding of the biology of the endophyte/host relationship is instructive before launching into an endophyte discovery program. Overall, the host/endophyte relationship seems to be highly integrated and specialized since a foreign microorganism lives within and between the cells of the tissues of a higher plant. Generally, the endophyte is restricted in some manner by the host. The complexity of the interaction is believed to be variable from host to host and microbe to microbe. For example, the endophytic fungus, Helianthimum chamaecistus, passes from one generation to another through the seeds, which remain dormant for a long time [12] . The fungus enters the developing plant from the seed and spreads throughout the plant systemically entering new tissues as they arise, and thus, in many cases the growth of host and the endophytes become synchronous. The presence of endophytes supports germination and subsequent development of the seedling without which the plant ceases to grow beyond a certain stage. In return, the plant digests the swollen hyphae of the fungus that are found in the roots. In this case, the relationship is truly mutualistic in that the fungus must derive nourishment from the host plant since it does not have direct contact with the environment. Similarly, endophytes that inhabit foraging grasses (e.g. ryegrass) never leave their plant host and can only reproduce by invading seed tissue of the plant [13] . On the other hand, fungi that reside solely in the mycorrhizae of a plant always enter from the soil, generally causing no damage to the root system [14] .
Some workers have suggested that in certain instances, the host/plant relationship may be more akin to a balanced pathogen-host antagonism than a truly symbiotic one [15] . Endophytic fungi might contribute to the process of nutrient recycling by initiating the biological degradation of the dying host plant [5] . There is some evidence that endophytes do elicit a chemical reaction from the host plant despite their largely benign relationship. As in Douglas-fir seedlings, the plant produces resveratrol, which is a known anti-fungal agent in response to endophyte infection [16] . Endophytes, of course, can be involved in pathogenicity of host plants. The endophyte population in abnormally developed plant tissues, such as in galls and cysts, is often quite different from other endophyte/host relationships [17] . Overall, it seems there is no question that both the endophyte and its host govern the outcome of the relationship by virtue of the products made by both organisms.
Some of the most erudite peoples in this regard are those in the Amazon basin, the highlands of Papua New Guinea, and the Aborigines of Australia, each of which have their own pharmacopeia of medicinal knowledge [19] . Thus, this basic tribal knowledge can serve as a starting point for modern drug discovery. Natural products are now rapidly finding a place in modern drug development. About 40% of prescription drugs are based on natural products. Furthermore, over 50% of the new chemical products registered by the FDA from 1981-2002 as anticancer, anti-migraine, and antihypertensive agents are either natural products or their derivatives [20] . Excluding the biologicals, from 1989-1995, 60% of approved drugs and pre-new drug application (pre-NDA) candidates were of natural origin [21] . From 1983 to 1994, over 60% of all approved and pre-NDA stage cancer drugs were of natural origin, and so too were 78% of all newly approved antibacterial agents. At least 21 natural products and natural product-derived drugs have been launched onto the market in the United States, Europe or Japan since 1998 and there are many natural product-derived compounds in either Phase III or under registration that may be launched in the coming years [22] . (1) Examples that illustrate the significance of natural products from plants and microorganisms in modern civilization include taxol (1), the world's first billion dollar anticancer drug [23, 24] . Some plants generating bioactive natural products have associated endophytes that produce the same natural products. This is the case with taxol (1), a highly functionalized diterpenoid that is found in each of the world's yew tree species (Taxus sp.) [23] . In 1993, a novel taxolproducing endophytic fungus, Taxomyces andreanae, from Taxus brevifolia, was isolated and characterized [25] . The hypothesis proposed to explain why T. andreanae produced taxol was a genetic recombination of the endophyte with the host that occurred during a long evolutionary symbiosis. Thus, if endophytes can produce the same rare and important bioactive compounds as their host plants, this would not only reduce the need to harvest slowgrowing and possibly rare plants, but also help to preserve the world's ever-diminishing biodiversity. Taxol interacts with tubulin during the mitotic phase of the cell cycle, and prevents the disassembly of the microtubules and thereby interrupts cell division [26] . The original target diseases for this compound were ovarian and breast cancers, but now it is used to treat a number of other human tissue proliferating diseases (carcinomas) as well [18] . The discovery of endophytic fungi making taxol sparked interest in the prospects and possibilities that some of the world's medicinal plants may possess biological activities that are more related to their endophytes than the plant itself. However, in the case of taxol, both the endophyte and the plant make this important drug. This original report was followed up with at least 30 additional reports in which numerous cases were found of various endophytic fungi making taxol [27] [28] [29] [30] . While to-date, none has been domesticated to serve as a source of this important drug, the future holds promise that eventually fungi will serve as a source of taxol.
Several years ago, with the advent of new competing methodologies for drug discovery, such as combinatorial chemistry and high throughput screening, natural products discovery began to be dismissed as a source of new bioactive compounds. Now, however, there is a resurgence of interest in natural product based discoveries. These compounds are now finding world-wide interest because of their low toxicity, their complete biodegradability, their availability from renewable sources, and, in most cases, their low cost when compared with those of compounds obtained by total chemical synthesis [31] . Certainly, one source of novel bioactive natural products is the world's endophytes and the report on taxol, described above, was a key example. For instance, Tan and Zau point out that, in comparison with fungal plant pathogens and fungal soil isolates, relatively few secondary metabolites have been isolated from endophytic fungi and there are immense opportunities for finding new bioactive metabolites [32] . Currently, endophytic fungi and bacteria are viewed as outstanding sources of bioactive natural products because so many of them are occupying literally millions of unique biological niches (higher plants) growing in many unusual environments. Each plant has been reported to harbor one or more endophytes [33, 34] , thus having unique endophytic microbial suites. Furthermore, endophytes commonly produce bioactive secondary metabolites when placed in culture.
Chemical footprints of natural bioactive products from endophytes
Since the discovery of endophytes in Darnel, Germany, in 1904, there has been a general search for them, mostly in plants in temperate regions, with the majority of the literature dealing with the isolation and identification of these organisms from various plants. Until 15-20 years ago, only limited and infrequent attempts had been made to isolate any secondary products from these organisms that may have potential for either medicine or agriculture. Endophytic fungi are a unique treasure of bioactive compounds, because so many of them inhabit literally millions of unique biological hosts growing in unusual environments. While some plants generating bioactive natural products have associated endophytes that produce the same natural products, such as taxol described above, endophytes do produce many bioactive compounds that are unique and useful. A search is underway to find, and describe endophytes and their products. The greatest potential for success is to search in areas of high biological diversity, such as the tropics and semitropical areas of the earth.
New organisms and many novel natural products from endophytic fungi inhibit or kill a wide variety of harmful microorganisms like bacteria, fungi, viruses, and protozoans that affect humans and animals [32] . Endophytes do produce secondary metabolites in culture, but the temperature, the composition of the medium, and the degree of aeration will affect the amount and kinds of compounds produced [18] , including steroids, xanthones, phenols, isocoumarins, perylene derivatives, quinines, furandiones, terpenoids, depsipeptides, and cytochalasines [32, 35, 36] .
Some of these represent novel structural groups, for example, the palmarumycins [37, 38] and benzopyranones [39] . Endophytes may contribute to their host plant by producing a plethora of bioactive substances to provide protection which ultimately aids in the survival of the host plant. Described below are some examples of bioactive products from endophytic fungi and their potential in the pharmaceutical and agrochemical arenas. Each compound is listed with some aspect of its chemistry and biological activity.
Earlier work on bioactive metabolites from endophytes
A large number of secondary metabolites have been extracted, isolated and characterized from endophytic microbes, especially from fungal endophytes, and some of these have been discussed in detail in earlier reviews [32, 35, 36] . Many of these compounds are bioactive, and include alkaloids, steroids, terpenoids, peptides, polyketones, flavonoids, quinols and phenols, as well as some chlorinated compounds.
Cryptocandin A (2) is an antifungal lipopeptide that was isolated and characterized from the endophytic fungus, Cryptosporiopsis quercina [40] . This compound contains a number of unusual hydroxylated amino acids and a novel amino acid, 3-hydroxy-4-hydroxymethylproline. Cryptocandin A is active against some important human fungal pathogens including Candida albicans and Trichophyton sp. and also against a number of plant pathogenic fungi, including Sclerotinia sclerotiorum and Botrytis cinerea. Cryptocin (3), a tetramic acid, is an antifungal compound also obtained from C. quercina. This unusual compound possesses potent activity against Pyricularia oryzae, the causal organism of one of the nastiest plant diseases in the world, as well as a number of other plant pathogenic fungi [41] .
Pestalotiopsis spp. exist in most of the world's rainforests and are extremely biochemically diverse. Thus, isolating any given strain does not imply that it will produce the same products as any other strain or isolate. Some examples of products coming from this group of endophtyes are herein described. Ambuic acid (4) is a highly functionalized cyclohexenone possessing antifungal activity, and is produced by a number of isolates of P. microspora [42] . A strain of P. microspora, isolated from the tree, Torreya taxifolia, produces several compounds having antifungal activity, including the glucosylated aromatic compound pestaloside (5) [43] . P. jesteri is a newly described endophytic fungal species from the Septik river area of Papua New Guinea, and produces the highly functionalized cyclohexenone epoxides, jesterone (6) and hydroxyjesterone. These epoxides exhibit antifungal activity against a variety of plant pathogenic fungi [44] .
Jesterone ( Torreyanic acid (7) Torreyanic acid (7), a selectively cytotoxic quinone dimer and potential anticancer agent, was isolated from a P. microspora strain obtained from T. taxifolia (Florida torreya) [42, 45] . After being tested against several cancer cell lines, torreyanic acid demonstrated 5 to 10 times more potency in those cell-lines that are sensitive to protein kinase C agonists and caused cell death by apoptosis. Pestacin (8) and isopestacin (9) have been obtained from culture fluids of P. microspora, an endophyte isolated from the Combretaceaous tree, Terminalia morobensis [46, 47] . Both pestacin (8) and isopestacin (9) Pestacin ( The endophytic fungus, Fusarium subglutinans, produces the immunosuppressive, but non-cytotoxic diterpene pyrones, subglutinols A (10) and B. Two new fusicoccane diterpenes, named periconicin A (11) and B (12) with anti-fungal as well as antibacterial activities were isolated by bioassay guided fractionation from an endophytic fungus Periconia sp., collected from small branches of Taxus cuspidata [48] . Periconicins have an array of biological properties including antimycotic activities against the agents of human mycoses, Candida albicans, Trichophyton mentagrophytes, and T. rubrum. These compounds also possess plant growth regulatory activities, inhibition of hypocotyl elongation and root growth of Brassica campestris and Raphanus sativus [49] .
Camptothecin (13) was first isolated from the wood of Camptotheca acuminata Decne (Nyssaceae), which is a plant native to mainland China [50] . Camptothecin and its derivatives show strong antineoplastic activity. The drug is already used in China for the treatment of skin diseases. Recently, camptothecin (13) has been obtained from fungal endophytes isolated from the inner bark of the plant Nothapodytes foetida from the western coast of India. The endophytic fungus, which belongs to the family Phycomycetes, produced camptothecin when grown in a synthetic liquid medium (Sabouraud broth) under shake flask and bench scale fermentation conditions. The biological activity of this compound was tested using an in-vitro cytotoxicity assay against human cancer cell lines (A-549 for lung cancer, HEP-2 for liver cancer, OVCAR-5 for ovarian cancer) in comparison with the standard authentic example and shown to be identical [51] .
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Asperpyrone B (17) Asperpyrone A (18) Some alkaloids produced by endophytic fungi are also anticancer agents. . The recognition of rubrofusarin B and aurasperone A as strong co-inhibitors of the XO, colon cancer cell line, and some microbial pathogens is of significance since it signals the relevance of endophytic compounds as potential therapeutic agents [53] .
Guignardic acid (19) was detected in the culture broth of an endophytic Guignardia sp. obtained from Spondias mombin [54] . The oxidative deamination products of L-valine and L-phenylalanine (dimethylpyruvic acid and phenylpyruvic acid respectively) are biogenetic precursors of this metabolite. Xanthoviridicatin E (20) Phomosine G (25) Vincristine (26) two novel quinine related metabolites produced by an endophytic Penicillium chrysogenum colonizing an unidentified plant. These metabolites inhibit the cleavage reaction of HIV-1 integrase with IC 50 values of 6 and 5 uM, respectively [55] . Phomol (22) is a novel polyketide lactone from Phomopsis sp., present in the medicinal plant Erythrina crista-galli [56] . Microcarpalide (23), a novel microfilamentdisrupting agent with weak cytotoxicity to mammalian cells, was characterized from an unidentified fungus in Ficus microcarpa L [57] . A new xanthene based metabolite, paranolin (24) was characterized from an endophytic strain of Paraphaeosphaeria nolinae IFB-E011 from Artemisia annua, (Asteraceae) [58] .
Recently, a novel compound from a Phomopsis sp. endophytic on Adenocarpus foliolosus was isolated and identified as phomosine G (25) [59] . Two anticancer indole derivatives, vincristine (26) and chaetoglobosin A (27) , have been purified from Fusarium oxysporum, an endophyte of Catharanthus roseus (L.) G. Don, and Chaetomium globosum in Maytenus hookeri [60, 61] . Thus, this is another Bioactive natural products from fungal endophytes Natural Product Communications Vol. 4 (11) 2009 1517 example of an endophytic fungus producing an important drug (the anticancer drug vincristine) that had already been identified from its plant host. (-)-Oocydin A (28) is a unique chlorinated macrocyclic lactone isolated from an endophytic bacterial strain of Serratia marcescens occurring both as an endophyte and as an ephiphyte of the aquatic plant Rhyncholacis penicillata. The potential of oocydin A as an agrochemical to control oomyceteous fungi, including Pythium and Phytopthora spp., is currently being evaluated [62] .
The previously known macrolide fungal metabolite brefeldin A (29) , with a wide range of biological activities, occurs in Aspergillus clavatus and Paecilomyces sp. endophytic in Chinese Taxus mairei and Torreya grandis [63] . Mutualism developed between these organisms and it has been suggested that brefeldin A is used to protect the host plant from bacterial infection and from predation by insects and animals. It was proposed that this compound may also affect the normal function of the secretory system of plant cells by inhibiting vesicle formation at the Golgi apparatus [64] . Graphislactone A (30), botralin (31) and ulocladol (32) are acetylcholinesterase (AChE) inhibitors, isolated from an endophytic Microsphaeropsis olivacea, originally obtained from Pilgerodendron uviferum, a gymnosperm [65] . New octaketides, termed cytosporones (33), have been reported from two endophytic fungal strains CR 200 (Cytospora sp.) and CR 146 (Diaporthe sp.) isolated and collected in Costa Rica [66, 67] . Of these, only those metabolites with a trihydroxybenzene lactone moiety exhibited Reinvestigation of Nodulisporium sp., endophytic in Bontia daphnoides and known to produce the indole terpenoid nodulisporic acid A (45), has afforded two novel insecticides, nodulisporic acid A1 and A2 that are structurally related to nodulisporic acid [75] . The nematicidal alkaloid peniprequinolone, first isolated from the soil fungus Penicillium cf. simplicissimum [76] has been found in P. janczewskii, a fungal endophyte of the Chilean gymnosperm Prumnopitys andina.
Recent discoveries of bioactivities in endophytic microbes
We began this review using specific examples of endophytes that produce biological active compounds from years past. Recently, workers world-wide have shown interest in this field with implications in medicine, agriculture and industry. It is desirable to identify the products of the organism and its host plant. It is also desirable to have these organisms available locally or nationally. Below are some of the latest advances in the area of bioactive natural products from endophytic microbes.
Antimicrobial compounds from fungal endophytes
Many new natural products are reported to have bioactivity against pathogenic microbes (fungi, bacteria, protozoa and human pathogens) and might serve as novel lead compounds for new drugs.
Anti-fungal
An endophytic fungal strain from Torreya mairei was identified as Aspergillus clavatonanicus by analysis of its morphological characteristics and the sequences of the internal transcribed spacers (ITS) of rDNA. When grown in surface culture, the fungus produced clavatol (46) (2′,4′-dihydroxy-3′,5′-dimethylacetophenone) and patulin (47) Two new solanapyrone analogues, solanapyrones N and O (55-56) and three known compounds, solanapyrone C (57), nigrosporalactone (58) and phomalactone (59), were isolated from the fermentation culture of Nigrospora sp. YB-141, an endophytic fungus isolated from Azadirachta indica A. Juss. Most of the compounds exhibited either no or only weak antifungal activities [80] .
An endophytic Xylaria sp., having broad spectrum antimicrobial activity, was isolated and characterized from Ginkgo biloba L. From the culture extracts of this fungus, a bioactive compound, P3, was isolated by bioactivity guided fractionation and identified as 7-amino-4-methylcoumarin (59 Sordaricin (62) Monocerin (63) typhi ( [82] . An endophytic fungus, Microdochium bolleyi (strain no. 8880), isolated from Fagonia cretica, a herbaceous plant of the semiarid coastal regions of Gomera was investigated for biologically active secondary metabolites. The crude ethyl acetate extract of the culture showed very good antifungal activity against Microbotryum violaceum and moderate algicidal activity against Chlorella fusca. Fractionation led to the known monocerin (63), together with two new analogues and a ring-opened derivative [83] . Blennolides A-G, seven unusual chromanones, were isolated together with secalonic acid B from Blennoria sp., an endophytic fungus from Carpobrotus edulis. Preliminary studies showed strong antifungal and antibacterial activities of these compounds against Microbotryum violaceum and Bacillus megaterium, respectively. They were also active against the alga Chlorella fusca and the bacterium Escherichia coli [84] . The metabolites of an endophytic Penicillium sp. from the leaf of Hopea hainanensis, obtained by bioassay-guided fractionation of the EtOAc extract of a solid-matrix steady culture of the fungus, afforded six compounds, identified as monomethylsulochrin (64) Physcion (66) 7,8-dimethyl-iso-alloxazine (67)
Anti-bacterial
The endophytic fungus Chloridium sp., produces javanicin (68) under liquid and solid media culture conditions. This highly functionalized naphthaquinone exhibits strong antibacterial activity against Pseudomonas spp., pathogens to both humans and plants. The compound was elucidated by X-ray crystallography to confirm the structure determined by standard spectroscopic methods [86] .
New octaketide, cytosporone A (33), has been reported from two endophytic fungal strains CR 200 (Cytospora sp.) and CR 146 (Diaporthe sp.) [66, 87] . One new dihydrobenzofuran derivative, botryomaman (69) , was isolated from the broth extract of the endophytic fungus Botryosphaeria mamane PSU-M76 along with six known compounds, 2,4-dimethoxy-6-pentylphenol, primin (70) (77) methicillin-resistant S. aureus SK1. Primin (70) showed the activity against both strains with equal MIC values of 8 µg mL -1 [88] . Three metabolites named phomoenamide (72) , phomonitroester (73) and deacetylphomoxanthone B (74) Three new naphtho-γ-pyrones, nigerasperone A-C (89-91), together with nine related known compounds were characterized from Aspergillus niger EN-13, an endophytic fungus isolated from the marine brown alga Colpomenia sinuosa. In the cytotoxic assay, these compounds did not show remarkable inhibitory effects against A549 and SMMC-7721 tumor cell lines. However, 91 and several known compounds showed weak antifungal activity against Candida albicans and moderate activity for DPPH scavenging [94] . A new tetracyclic depsidone, excelsione (92), was isolated from the extract of an unidentified fungal endophyte obtained from the New Zealand endemic tree Knightia excelsa. Structurally, excelsione (92) belongs to the depsidones, a group of secondary metabolites more commonly found in lichens than in fungi lacking an association with phytobionts. Excelsione (92) was inactive against P388 murine leukemia cells at 12.5 µg mL -1 and in disk agar diffusion assays against various bacterial and fungal strains using 40 µg of the compound per disk [95] .
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Preussomerin EG 1 (93) 
Chemical investigation of the mycelium of Edenia gomezpompae, a newly discovered endophytic fungus isolated from the leaves of Callicarpa acuminata (Verbenaceae) collected from the ecological reserve El Eden in Mexico, produced four naphthoquinone spiroketals, three new ones preussomerin EG 1 (93) , preussomerin EG 2 (94) and preussomerin EG 3 (95) and the known palmarumycin CP 2 [96] .
Four
polyketides, leptosphaerone C (96), penicillenone (97), arugosin I (98) and 9-demethyl FR-901235 (99), were isolated from the Penicillium sp. JP-1, an endophytic fungus isolated from Aegiceras corniculatum. Leptosphaerone C (96) shows cytotoxicity against A-549 cells with an IC 50 value of 1.45 μM, while penicillenone (97) showed cytotoxicity against P388 cells with an IC 50 value of 1.38 μM [97] . Glomerella cingulata was the most common endophytic fungus associated with Viguiera arenaria. For this reason, the cytotoxic extract was selected for chemical studies, leading to the isolation and identification of the bioactive compound nectriapyrone (100) and also of tyrosol (101) T leukemia cells and B16F10 melanoma cells. It is noteworthy that nectriapyrone (100) showed higher activity than methotrexate on both tumor cell lines. Nectriapyrone also showed selectivity to the tumor cells, because it did not show a remarkable cytotoxic effect towards normal peripheral blood mononuclear cells (PBMC) (IC 50 = 2667 μg mL −1 ) between those of the positive controls methotrexate (IC 50 = 3709 μg mL −1 ) and gemcitabine (IC 50 = 1381 μg mL −1 ). The higher activity of the crude extract VA1A (IC 50 249 μg mL −1 ) compared with that observed for nectriapyrone (476.4 μg mL −1 ) towards JURKAT cells could be related to synergistic activity between fatty acid derivatives present in the extract and nectriapyrone [98] . Three metabolites, phomopsin A (102), B (103) and C (104), together with two known compounds, cytosporone B and C, were isolated from the mangrove endophytic fungus, Phomopsis sp. ZSU-H76 obtained from the South China Sea [99] . Metabolites, named xyloketal B (105), xyloketal J (106), xyloester A (107), and xyloallenolid B (108), were isolated from the mangrove endophytic fungus Xylaria sp. [100] . 
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Anti-inflammatory
A new anti-inflammatory compound, 5, 7-dimethoxy-4-p-methoxylphenylcoumarin (118), and 5, 7-dimethoxy-4-phenylcoumarin (119) were isolated from endophytic Streptomyces aureofaciens CMUAc130 [103, 104] .
These two compounds were investigated for their effects not only on the formation of nitric oxide (NO), PGE2, TNF-α, IL-6 and IL-1β, but also on inducible NO synthase and cyclooxygenase-2 (COX-2) in lipopolysaccharide (LPS)-induced murine macrophage RAW 264.7 cells. They significantly reduced the formation of TNF-α. These findings support the application of 118 and 119 as antiinflammatory agents [105] 
Nematicidal / insecticidal metabolites
From the endophytic fungal strain Geotrichum sp. AL4 , cultivated from the leaves of neem tree (Azadirachta indica), four compounds (124) (125) (126) (127) were isolated from the ethyl acetate extract, including two new, chlorinated, epimeric 1,3 oxazinane derivatives. All compounds were assessed for their nematicidal activity against the nematodes Bursaphelenchus xylophilus and Panagrellus redivivus and showed noticeable bioactivities [108] .
The nematicidal alkaloid peniprequinolone, first isolated from the soil fungus Penicillium cf. simplicissimum, has been found in P. janczewskii, a fungal endophyte of the Chilean gymnosperm Prumnopitys andina [109] .
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Immunosuppressant
Three compounds (A-C) produced by an endophytic Pestalotiopsis leucothës, isolated from Tripterygium wilfordii, were evaluated for their immunomodulatory effects. The IC 50 
Miscellaneous bioactive compounds
The novel cyclic peptide epichlicin (128) was isolated from Epichloe typhina, an endophytic fungus from the timothy plant (Phleum pretense L. [119] .
Phomodione (163), a furandione with similarities in structure and activity to cercosporamide (164) and the closely related derivative (-)-pseudoplacodiolic acid (165), was produced in submerged cultures of a Phoma sp. isolated from Saurania scaber, a New Guinea plant [120] . Pestaloficiols A-E (166-170), five new cyclopropane derivatives, have been isolated from cultures of the plant endophyte Pestalotiopsis fici [121] . None of the compounds was effective against Escherichia coli at 500 μg or lower, but minimum inhibitory concentrations (MICs) of all these compounds were approximately the same on Staphylococcus aureus, indicating that they may be more effective against Gram positive bacteria. The antimycotic activity was tested using a representative species from three classes of fungi. The representative oomycete, ascomycete and basidiomycete were Pythium ultimum, Sclerotinia sclerotiorum, and Rhizoctonium solani, respectively. In each case, usnic acid was less effective than either cercosporamide (164) or phomodione (163).
Chrysogenamide A, a new member of the macfortine group of alkaloids, along with four known compounds, was identified from Penicillium chrysogenum No. 005, an endophytic fungus associated with Cistanche deserticola. Chrysogenamide A exhibited a neurocyte protection effect against oxidative stress-induced cell death in SH-SY5Y cells [122] . Four new aromatic allenic ethers, (7E)-3-(4-buta-2,3-dienyloxy-3-methoxy-phenyl)-acrylic acid methyl ester (171), (7E)-3-[4-(4-buta-2,3-dienyloxybenzyloxy)-phenyl]-acrylicacid methyl ester (172), 4-(4-buta-2,3-dienyloxy-benzyloxy)-benzoic acid methyl ester (173), (7E)-3-[4-(4-buta-2,3-dienyloxybenzyloxy)-3-methoxy-phenyl]-acrylic acid methyl ester (174) were isolated from the endophytic fungus Xylaria sp. No. 2508 [123] .
The endophytic fungus Alternaria sp. (UFMGCB55) was isolated from the plant Trixis vauthieri DC (Asteraceae), known to contain trypanocidal compounds. The organic extract of the culture of Alternaria sp. was able to inhibit Trypanosoma by 99%, when tested at 20 µg mL -1 . Fractionation of the extract resulted in the identification of altenusin, a biphenyl derivative with an IC 50 value of 4.3+/-0.3 mM in the TR bioassay. This compound is the first in its class to have shown TR inhibitory activity, opening new perspectives for the design of more effective derivatives that could serve as drug leads for new chemotherapeutic agents to treat trypanosomiasis and leishmaniasis [124] . 
Conclusions
Endophytes and novel endophytic fungal and bacterial species are excellent sources of novel, bioactive natural products. Although the antimicrobial bioactivities are the most easily assayed, other activities include anticancer, insecticidal, antiviral, anthelmintic, anti-plasmodial and immunomodulatory. Questions remain as to how endophytes take up residence in a plant, form a relationship with it and generally not cause it to become diseased. Indeed, some natural products made by plants can also be made by the endophytes associated with them. Has there been genetic transfer from the plant to the endophyte or visa versa? Do secondary products of the host regulate product formation by the endophyte? Are the same products made by the endophyte in culture as when in the host? If so, what role do these products play in the host? Furthermore, how are these products synthesized and what genetic controls exist for product formation? The answers to questions such as these will lead to a better understanding of the interactions between the endophyte and its host.
The greatest diversity of endophytes is likely to occur in the tropical and temperate rainforests [125] . It has been noted that the search for novel endophytes and their products is an opportunity for undergraduate students to become involved in scientific discovery [126] .
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